.
In this comparison pentadecane, water and oil with a high viscosity were measured at atmospheric pressure using oscillation type density meter. The temperature range was from 15 °C to 40 °C.
At the meetings of the EURAMET Working Group on Density in 2011 and 2012 this comparison was agreed.
The measurements were carried out in December 2012.
The draft B report was agreed on in May 2015.
After the publication of the EURAMET Project EURAMET.M.D.K-2 (October 2015) the report could be finalised.
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Comparison

Participants
Twelve laboratories took part in the comparison (see Table 1 
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Liquid samples
Three liquids with different properties were chosen. 5 litres n-pentadecane, water and viscosity oil have been prepared by the Pilot Laboratory.
The density of the water was slightly altered by adding 0,2% of deuterated water (deuterium oxide D 2 O) to distilled and purified tap water.
To provide a good link to the CCM comparison, liquids were chosen similar to the ones
Initially a fourth liquid, Tetrachloroethylene, was chosen, but due to transport problems of dangerous goods, this liquid was cancelled.
The liquids were filled into 30 pieces 20 millilitre transport bottles for the transport.
Random samples from these bottles (minimum 3 samples) have been taken by the pilot laboratory and have been compared at 20 °C using an oscillating density meter (DMA 5000) to check the homogeneity of the liquid samples.
In order to estimate the instability of the liquids, also three of these 30 transport bottles were stored and measured at 20 °C after the measurements were completed by the participants. Approximate values for the volumetric thermal expansion and for the isothermal compressibility of the liquids were listed as in [4] (see tables 2-5).
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Uncertainties are standard uncertainties (k = 1) with degrees of freedom = 50. 
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Organisation of the comparison
The project started in March, 2012 with the decision of the participating laboratories on the used liquids, on the temperature ranges and the agreement on the technical protocol.
The stability of the liquids was monitored using one of the transport bottles of each liquid at 20 °C before the samples were sent to the participants and after all measurements of the participants were completed.
The measurements by the participants were carried out in December 2012.
Transportation
For transportation the liquids were filled into glass bottles of 20 millilitre volume. The individual bottles were provided with the name of the liquid, the volume, and a safety warning. The bottles were numbered and separately put into cardboard boxes.
The packages contained complete lists of the content with the numbers of all bottles, safety data sheets, a form to inform the Pilot Laboratory, weight and size of the whole package, number of separate packages and handling requirements. This information was also mailed to the participants.
The liquids were transported unaccompanied by courier service. The packages were provided with a warning: "To be opened only by laboratory personnel!"
The participants were solely responsible for completing the local customs formalities.
After the arrival of the package, the participating laboratories should have immediately informed the pilot laboratory including details of the state of the packages and their content.
Problems appeared with some leaked bottles during the transportation by air mail.
Probably due to freezing and melting, the liquids could be contaminated from outside of the bottle. Tests at BEV by freezing and melting the liquids have shown that there is no measurable change in density of the liquid due only to the freezing and melting.
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Preparation of the measurements
After receiving the samples, each participant had to start the measurements as soon as possible.
The bottles and the seals should have been opened only before the measurements.
Prior to opening, the individual bottles should have been checked once more for obvious damage or contamination. Any observations should have been reported.
Each liquid sample should have been handled according to the regulations of the laboratory. These handling regulations had to be reported.
Degasing the sample in order to avoid the formation of air bubbles was usually not necessary.
Care should have been taken not changing irreversibly the density of the liquid.
Measurement procedure
The following target temperatures were chosen for the comparison: The measurement was carried out according to the procedure of each laboratory. The instruments were calibrated using water and air. Use of special density standard liquids were allowed too.
The mean, minimum and maximum values of the parameters used to the air density estimation had to be recorded: pressure, temperature, relative humidity (or dew point) and CO 2 content (measured or assumed). For the calculation of the air density the CIPM formula (CIPM -2007) had to be used [1] . Mean, minimum and maximum values of the air density had to be also reported.
Sending the samples or bottles back to the Pilot Laboratory was not required.
The densities at the target temperature and at 101325 Pa had to be reported as the final result.
Reports
The reports had to be completed using the prepared Report Forms.
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The following information had to be given for each liquid and target temperature.
• Results,
• Detail information about the national density standard,
• Detailed information about the used density meter,
• Detail information about the measurements with the density meter.
Deadlines
The reports had to be sent to the Pilot Laboratory as soon as possible but not later than four weeks after the completion of the measurements.
Uncertainty of measurement
The uncertainty components were not predefined in the protocol. Laboratories had to estimate them including a term for the handling procedure. Uncertainty due to potential long-term drift of the density of the liquid sample was considered to be negligible.
The uncertainty of the density had to be given as expanded uncertainty for a confidence level of 95%. In the uncertainty evaluation all influence quantities should have been included: the standard uncertainties together with their degrees of freedom and the combined standard uncertainty, as well as the effective degrees of freedom. The uncertainties had to be calculated and reported according to ISO "Guide to the Expression of Uncertainty in Measurement" [2] .
Intruments and methods
Before the comparison started participants submitted what kind of density instruments would be used with preliminary estimates of the expected uncertainties. The uncertainties were ranged from 0,005 kg/m 3 to 0,3 kg/m 3 for a confidence level of 95%.
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Inhomogeneity and changes of the liquid densities
Before the comparison started samples were taken to monitor the stability of the liquids.
These stability checks were carried out by a DMA 5000 instrument at 20 °C. The Each time as a reference, the density of freshly distilled water was also measured (ref.
water). 
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Reference Value
The In order to calculate the reference values the measurement results of the link laboratories have been corrected using the degrees of equivalence of the previous projects.
From the results of hydrostatic measurements of the link laboratories (x i ) 
Water
The reported results for the deuterated water at 20 °C are displayed in Fig. 2 und 3 and listed in Table 10 . The sample by GUM was possible contaminated during the transport. 
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Pentadecane
Pentadecane 
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Viscosity oil EF170
This liquid posed special problems, since it has a high viscosity.
It was measured at 20 °C. The results of the measurements are listed in table 14 and are shown in Fig. 10 and 11. 
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Summary and Conclusions
The comparison has shown discrepancies in the estimation (calculation) of the uncertainty budget. An estimation of the expected uncertainties was asked using questionnaires before starting the comparison. In some cases the previous estimation of the uncertainties is significantly different from the final uncertainty. The biggest discrepancies have been shown at the higher viscosity samples although the same type of density meter was used.
The comparison has also shown discrepancies for the measurements at different temperatures. Comparing the differences between the results of different participants by the same liquid at different temperatures, no systematic tendency can be recognized.
Taking into account that in this comparison the same type of instrument was used, the magnitude of the deviations of the results requires further investigation.
Summary of comments
• The built-in viscosity correction by the manufacturer is not always sufficient. The reference materials bought by certain commercial companies might also lead to too large viscosity correction. This fact needs more studies and support from the manufacturers.
• A larger availability of reference materials produced by NMIs over a wider viscosity range would be beneficial.
• This comparison shows the need for making the use of DMAs more trustworthy so they may be used by NMIs.
• It would be very interesting to compare the results with and without the viscosity correction to see the differences.
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• The experience with these density meters is that their repeatability and accuracy are not as good as it is stated in the handbooks, especially at temperatures other than 20 °C or liquid densities higher than 1000 kg/m 3 .
• A revision of the instruction manuals (including the technical specifications) should be initiated.
• The national metrological institutes carrying out pattern approvals of density meters should be also advised to revise their requirements and permissions.
• It would be useful working out the precise handling of the density meters out by a working group. It could be a EURAMET guide.
• Special care must be taken to advice the users to calibrate DMA (with air and water) directly before their measurements starts. In case the calibration of the density meter is carried out some time before the measurements, the air pressure change might cause significant error in the density results.
• Still an open question is the following: Is it necessary to check the thermometer of the density meter before the measurements or not? The manufacturer declares that a DMA 5000 needs 4 hours to warm up before accurate measurements, but there is no recommendation about it in the handbook. This also can lead to an error in the density.
